In many tissues stem cells undergo asymmetric cell division (ACD) to produce one daughter stem cell and one differentiated cell. ACD is vital for tissue homeostasis And repair. Wnt signals are key proteins that are involved in stem cell maintenance. In vivo, Wnt proteins are often secreted locally and presented to responsive cells in an oriented manner.
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To examine the consequences of localised Wnt signaling, we immobilized Wnt proteins onto beads and introduced them to embryonic stem cells in culture. At the single--cell level, the Wnt--bead induced oriented asymmetric distribution Of Wnt-β--catenin signalling components, oriented the plane of mitotic division, and Directed asymmetric inheritance of centrosomes. Importantly, the Wnt--proximal daughter cell expressed high levels of nuclear β--catenin and pluripotency genes, whereas the distal daughter cell acquired hallmarks of differentiation. We have thus demonstrated, for the first time, that localised Wnts can affect cell fate decisions in single, mammalian stem cells by controlling asymmetric cell division. We are now extending our research to include ACD in adult stem cells and using the Principles of Wnt--oriented ACD to engineer human tissues.
These studies revealed that localised basal Wnt signals can enrich and maintain stem Cells in 2D cultures and recapitulate the stem cell niche as a 3D platform. We succeeded to generate in vitro 3D culture conditions where a stem/progenitor population is maintained alongside the formation of differentiated cells in an organized manner. Specifically, the Wnt--platform maintained the stem population of human mesenchymal stem cells (hMSCs) while directing the generation of organised multilayers of increasingly differentiating cells. Therefore this platform provides a novel tool for future development for drug screening, modelling diseases and for tissue transplantation. King's College London, United Kingdom ERK MAPK pathway regulates multiple cellular events from cell proliferation, migration, to differentiation. How the same kinase determines the cell fates, however, has yet to be elucidated, let alone how ERK activation profile in each cell leads to organised group of cells, tissue.
Here we time-lapse monitored ERK MAPK dynamics in living mouse skin with single cell resolution. Transgenic mouse expressing ERK FRET biosensor (EKAR-EV) was anaesthetized and we imaged the ear skin by two-photon microscopic observation.
Interestingly, the physiological ERK MAPK activity was not stable but occasionally exhibited dynamic activation bursts which propagated to their surrounding cells (about 200 cells) and disappeared within about 30 min. Quantification of a set of time-lapse images of the mice (11 mouse, more than 200 hours in total) showed spatiotemporal association of the ERK activation bursts and cell proliferation. Furthermore, stimulation of cell proliferation by topical TPA (tetradecanoyl phorbol acetate) application significantly induced ERK activation bursts and propagation, suggesting their role in cell cycle progression. Time-lapse imaging of wounded skin also exhibited ERK activation bursts and cell proliferation with high spatial correlation, and interestingly the wound edge revealed repetitive waves of ERK activation that distally propagated to about 200 um of distance. In contrast to ERK activation bursts, ERK propagation waves were spatiotemporally associated with cell migration toward the wound bed. These results suggest epidermal cell proliferation and migration are controlled by distinct spatiotemporal patterns of ERK MAPK activation.
We are currently pursuing ERK propagation dynamics in embryonic skin tissue, where rapid and precise regulation of cell fate is critical for proper tissue generation. This will provide a fresh insight into the mode of action of ERK MAPK for tissue homeostasis and regeneration in vivo.
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